A. Velásquez, and G. Pichard. 2010. In vitro protein breakdown by enzyme extracts of rumen origin: comparison with methods in situ and proteases of Streptomyces griseus. Cien. Inv. Agr. 37(3): 57-70. Proteolytic activity of enzymatic extracts generated from rumen microorganisms cultivated in vitro was evaluated. The incubation of rumen fluid used different substrates to generate a higher enzyme concentration and promote a broad spectrum of hydrolytic activity. The composition of the substrates used in the cultivation of the fluid was enriched in protein, starch or cell wall. Enzyme preparations were evaluated by incubating in 30 mL of buffer 50 mM Tris-HCl (pH 6.5) at 39 ºC during 48 hours, 100 mg of crude protein from feeds soybean meal, canola meal, sunflower meal, gluten feed, dehydrated alfalfa meal, berseem clover, oat forage and perennial ryegrass. Enzyme extracts from cultivated rumen fluid showed an average protein breakdown of 75.5%, in eight feed samples tested. This value was very close to that measured with the technique of proteases from Streptomyces griseus (74.6% CP), but significantly lower (P≤0.05) than the one obtained by the in situ methodology (84.8% CP). The technique with extracted rumen enzymes showed higher level of proteolysis in the early hours of incubation (6 H) compared to the other techniques. These results suggest that the enzyme preparations of ruminal origin have the ability to predict degradability of feed proteins in the rumen, particularly in the first phase when most of proteins are hydrolyzed and become available for microbial utilization.
Introduction
Measurement of degradation dynamics of feed proteins in the rumen represents a permanent challenge to optimize the protein nutrition, in order to control the excretion of nitrogen compounds to the environment and to improve the animal welfare (Van Duinkerken et al., 2005; Kaswari et al., 2007; Riasi et al., 2008) . The quantitative assessment of the breakdown process is key to carry out an effective and sustainable nutrition of the productive ruminants (Givens et al., 2000; Monteny, 2000 , quoted by Van Duinkerken et al., 2005 . The in situ technique developed by Mehrez and Ørskov (1977) is widely used to study the protein breakdown of the feeds in the rumen, nevertheless, several criticisms have weakened the merits that were originally assigned to this methodology, forcing several corrections needed to adjust the data according to their sources of error (Mathis et al., 2001; Cone et al., 2004) . Research has also been developed on the proteins degradability with commercial enzymes (Pichard and Van Soest, 1977; Assoumani et al., 1992) , where proteases from Streptomyces griseus fungus have been used, reaching satisfactory levels of proteins breakdown. But the use of these non ruminal proteases in in vitro conditions may result in a limited predictive value, due to uncertain enzyme-substrate specificity and the variable representation of the hydrolytic events occurring in the ruminal system (Luchini et al., 1996; Stern et al., 1997) . Another methodology used to study protein breakdown in the rumen is based on the enzymatic extracts of ruminal origin (Kohn and Allen, 1995) . This strategy has presented promising results; however, the reduced number of incubations, the uncertain persistence of the proteolytic activity in extracts, in addition to a probable insufficient concentration of proteases and carbohydrases, may explain why the results have not reached the expected values. It is known that the microbial consortia of the rumen degrade proteins and structural and non structural carbohydrates of feed substrates through the joint activity of carbohydrases and proteases. This may facilitate the cleavage of complex structures trapping the proteins around plant cell walls and compartments where the proteases cannot easily access (Santra and Karim, 2002; Colombatto et al., 2007) . The proteolytic activity might be augmented if enzymatic extracts are obtained with a higher enzymes concentration, which will preserve an activity of broad hydrolytic range and with an adequate persistency during storage and over the incubation period. A high concentration of enzymes might be obtained by means of incubating ruminal fluid with different feed substrates, without restrictions of energetic and nitrogenous sources. This cultivation of microorganisms before the enzymes extraction would permit an adequate microbial concentration and biodiversity, allowing the generation of enzymatic preparations with a wide pool of proteases and carbohydrases, and with a subsequent improved representativeness of the ruminal proteolysis (Velásquez, 2008; Velásquez and Pichard, 2010) . Consequently, the objective of this research was to evaluate the proteolytic activity of enzymatic extracts isolated from the ruminal fluid incubated in vitro with different substrates, as well as to compare those values with the conventional methods in situ, commercial proteases and chemical fractionation of the proteins.
Materials and methods
Enzymatic extracts were prepared from ruminal fluid incubated in vitro in batches with different substrates, so as to ensure the growth of diverse groups of ruminal microorganisms. The kinetics of proteolysis of those extracts was studied in vitro. Then, this methodological proposal was compared with techniques measuring proteins breakdown in sacco, commercial proteases (Streptomyces griseus) and chemical fractionation of feed nitrogenous compounds.
Collection of rumen fluid and pre-incubation in vitro
Ruminal fluid (RF) was collected from two adult rumen-fistulated cows, fed at maintenance level. The diet consisted on alfalfa hay (80%) ground maize grain (20%), mineral salts (120 g d -1
) and free access to water; crude protein content was 14.7%. The general methodology was according to Goering and Van Soest (1970) . The access to feed and water was suspended one hour before the RF collection. Rumen fluid was maintained under permanent CO2 gassing during preparation and during the incubation period. During pre-incubation of the RF, separate flasks were supplied with different proportions of soybean meal and alfalfa meal (50/50), corn starch (Corn Starch Sigma EC 232-679-6) and ryegrass perennial cell walls nDF. Each of them was focused on microbial development with greater affinity for proteins, starches or celluloses, respectively, but always in presence of other substrates in smaller amounts, to ensure a mixed medium promoting the interactions among different types of microorganisms (Table 1) . This RF in vitro cultivation was made with 5 grams of mixed substrates, 100 mL of mineral solutions, 100 ml of sodium bicarbonate buffer (pH 6.8) with 20 mL of reducing solution (sodium sulfide at 1.25%), 200 mL of distilled water and 100 mLof RF inocula. The cultivation was incubated in 2-liter-opaque flasks during 4 or 6 hours at 39 °C, under permanent CO 2 gassing.
Obtaining enzymatic extracts
After pre-incubation the RF was centrifuged at 6000 g for 10 minutes at 4 ºC. The pellet was resuspended in reduced potassium phosphate buffer 50 mM (pH 7.1), containing KH 2 PO 4 50 mM, 0.4% na 2 CO 3 and 13 mM (nH 4 ) 2 SO 4 (nouaille et al., 2004) . The cells contained in this resuspension were sonicated (SOnICS Vibra Cell VC 130Pb) with 4 cycles of 30 seconds (70 W, 20 KHZ) at 0 ºC (Pan et al., 2003) . The remaining particles and cell debris were separated from the enzymatic content by centrifugation at 15,000 g for 15 minutes at 4 ºC. The supernatant containing the enzymes was retrieved and the proteins were precipitated with ammonium sulphate saturated at 55%, shaking for one hour at 0 ºC. Subsequently, it was centrifuged at 16000 g for 30 minutes at 4 ºC. The pellet was resuspended in buffer Tris-HCL 50 mM (pH 6.5), which corresponded to the raw extract of the enzymes (Karadzic et al., 2004) . The enzymatic extracts were dialyzed against agar (20%) for 24 hours, maintained at -32 ºC for one hour, then freeze dried and stored at -32 ºC until its activity was measured. This extraction from pre-incubated RF with the substrates mentioned above allowed obtaining three enzymatic concentrates, with activity preferably proteolytic (P), amilolytic (A) and fibrolytic (F).
Test 1. Protein breakdown in vitro with ruminal enzymes
Incubation and kinetic parameters. The kinetics of protein breakdown was determined with a mixed enzymatic solution containing the three types of extracts obtained from the cultivated RF (mainly proteolytic, amilolytic or fibrolytic). The substrate evaluated were soy bean meal, canola meal, gluten feed, sunflower meal, alfalfa meal, berseem clover, perennial ryegrass and oat forage. All substrates were ground in a hammer mill to pass a 1mm screen and samples containing 100 mg of crude protein from each substrate were incubated with 100 Enzymatic Units of the extracts mixture (UE: 1 mg CP of bovine Serum Albumin degraded hour -1 , at 39 ºC and pH 6.5). The enzymatic dose was structured based on 50, 25 and 25 UE, from the extracts P, A and F, respectively. This dose was studied and calculated in previous experiments in our laboratory to ensure the first order kinetics and substrate limiting condition. These incubations were carried out during 48 hours in 125 mL Erlenmeyer flasks with 30 mL of buffer Tris-HCl 50 mM (pH 6.5) at 39 ºC, covered with aluminium paper. Chloramphenicol and tetracycline solution, in 0.03 mg mL -1 each were dosed to avoid the development of microorganisms. The flasks were frequently swirled and the test was repeated three times with duplicates for each feed sample. Incubation times were 0, 1, 3, 6, 12, 18, 24, 36 and 48 hours. The rate of hydrolysis (k d ) and the maximum protein breakdown (D max , 48 H) were determined. Additionally, the nitrogen fractions A, B 1 , B 2 and C were quantified. These n-pools represent the buffer soluble non precipitable nitrogen, the buffer soluble and Luchini et al., 1996) . The enzymatic concentration in the incubation medium was 0.132 UE mL -1 , resulting from 12 mL of a protease solution with a concentration of 0.33 UE mL -1 and 18 mL of buffer borate-phosphate. All the treatments were incubated in duplicate and three repetitions were made. Other incubation conditions and kinetic calculations were described in experiment 1.
Test 3. Protein breakdown through the in situ method
Incubation and kinetic parameters. Based on the methods described by rskov and McDonald (1979) and Pawelek et al. (2008) , protein breakdown was measured in situ in the same substrates. Dacron bags 5x12.5 cm and 50 ±15m pore size (AnKOM Technology, USA; bL101805)) were fitted in two rumen fistulated cows containing samples of 500 mg of CP from each feed to be tested. The diet of these animals, as described in test 1, was divided in 4 equal doses a day between 8:00 a.m. and 8:00 p.m. and was offered during 10 days prior to the beginning of the experiment. In this test, feeds were ground to pass a 2mm screen in order to incubate larger particles and reduce physical losses from incubation bags (Ogden et al., 2006; Kaswari et al., 2007) . Three bags were used per incubation time and the experiment was repeated twice. Before placing the dacron bags in the rumen, they were washed three times during 15 minutes in warm water (Roe et al., 1991) . Sampling times were 0, 1, 3, 6, 12, 18, 24, 36 and 48 hours. When the bags were retrieved from the rumen, they were immediately washed with cold water (7 ºC) 3 times x 15 minutes with permanent manual shaking. Subsequently, they were dried in forced air oven at 60 ºC for 24 hours. The total n was measured for the in sacco residue by Kjeldahl (AOAC, 1990). The particle loss corresponded to the difference between the material escaping from the bag after being washed and the fraction of soluble n at time zero (López et al., 1994; Hvelplund and Weisbjerg, 2000, quoted by Rotger et al., 2006) . The values of protein breakdown were corrected by particle loss according to the method of Weisbjerg et al. (1996) 
), where: b, enzymatically degraded fraction in situ (corrected in turn by microbial contamination); P, particle loss; Sn, soluble nitrogen. Then, D max pool A+pool B 1 +pool Bc. In order to correct the microbial contamination, the n measured (Kjeldahl) in bags incubated intra-ruminally with 500 mg of sterile cotton fiber was discounted from the residual n in sacco, during the respective time, which simulated the microbial retention in situ. These bags were washed and dried as in the previous procedures, and then the kinetics parameters were calculated.
Measuring the enzymatic activity for Tests 1, 2 and 3
Protein breakdown in Tests 1 and 2 was measured as solubilised nitrogen by micro Kjeldahl (AOAC, 1990) on the total volume of incubation that was vacuum filtered (Whatman n°41 paper). Digestion was carried out at 350°C with sulphuric acid (98.3%) at a rate of 2ml per 0.5 mL sample of this soluble n phase, plus 0.01 mL of hydrogen peroxide (H 2 O 2 ). After digestion, the volume from each tube was recorded and nitrogen was colorimetrically measured by the method of Chaney and Marbach (1962) , reading absorbance at 625 nm in a spectrophotometer (METERTEK SP-830). For Test 3, the residual in sacco n was measured by completely digesting the dacron bags and residue at 350ºC during 3 to 4 hours. In order to determine the pool nitrogen fractions A and B 1 (Tests 1, 2 and 3) the soluble n was measured at time zero, TCA soluble nitrogen and TCA precipitable nitrogen, respectively.
Test 4. Chemical fractionation of the proteins
The substrates evaluated in this research were subjected to a chemical fractionation of the nitrogenous fractions according to the methodology developed by Sniffen et al. (1992) . The nitrogen fractions were grouped as Pool A, being buffer and TCA soluble n (nPn); Pool B 1 , buffer soluble TCA insoluble proteins; Pool B 2 , buffer insoluble but neutral detergent (nD) soluble nitrogen; Pool b 3 , nD insoluble n but soluble in acid detergent (b 3 =nDF-n -ADF-n) and Pool C, unavailable protein as insoluble in acid detergent (ADF-n). The maximum protein breakdown (D max ) was calculated adding up the fractions A, B 1 , B 2 and B 3 . These n-pools were calculated from the chemical composition of the feed substrates (Table 2) .
Chemical composition of the feed substrates to be incubated
Chemical analyses were performed on dehydrated samples of soy bean meal, canola meal and sunflower meal, which were all extracted with a solvent; maize gluten feed, alfalfa meal, berseem trefoil, perennial ryegrass and oat forage. Analyses included dry matter (DM), ashes (Ash), crude protein (CP) according to the methods described in AOAC (1990) ; the contents of plant cell wall (nDF) and lignocelullose (ADF) according with Van Soest et al. (1991) ; the true protein (TP) was estimated as insoluble n plus TCA insoluble fraction of the buffer soluble n, as described by Pichard and Van Soest (1977) . The n fractions associated to the wall cell (nDF-n) or the lignocelullose (ADF-n) were analyzed with Kjeldahl (AOAC, 1990) on the fibrous residues (Table 2) .
Statistical analysis
The proteolysis rate (k d ), was determined by single linear regression in the exponential phase of the proteins breakdown curves (ln y= a -bx), where "y" corresponded to the percentage of CP enzymatically degraded, "b " to the fractional rate of hydrolysis (k d ) at "x" time of incubation. The kinetic curves were fitted with non linear regressions by iteration, using the computer programs SAS System Version 8 (1999) and CurveExpert Version 1.38 (2001). The parameters D 6H , D max (48 hours) were determined by measuring the protein proportion degraded at 6 and 48 hours of incubation. The lag times were calculated according to the methodology pro- posed by Waldo et al. (1972) , by the relation:
, where Z corresponded to the expression a-ln100, which represents the difference between the intercept in the axe y at time 0 (a) and the natural logarithm of the non-hydrolyzed residue at time 0. The comparative analysis of the methodologies was based on the contrast of the kinetic parameters D 6H , D max (48 H) and k d . For this purpose, the validation method proposed by Freese (1960) was used as quoted by barrales et al. (2004) . In this inference test, the usual χ 2 test of goodness of fit was used (P≤0.05). Tests 1 and 2 were repeated three times with duplicate, the experiment 3 was repeated twice with triplicates. The statistical analyses were made with the software Statistical Analysis System (1999) and SYSTAT 11 (2003) .
Results

Test 1. Protein breakdown in vitro with ruminal enzymes
The highest extent of proteolysis at 48 H was 85.5% followed by 82.6% in soy bean meal and sunflower meal respectively. The lowest values were observed in the substrates oat forage and maize gluten feed, being 68% (Table 3 ). The occurrence of a lag time was not observed in the dynamics of proteins breakdown, probably due to the immediate availability and contact of the enzymes with the substrate, which do not require to be induced and secreted by microorganisms, and also due to the small particle size of the ground samples which facilitates a fast wetting and provides extensive surface for enzymes to work. 
H
-1 in maize gluten feed. Small lag times were observed in curves of protein breakdown, not exceeding one hour. These values ranged from 0.05 H in soy bean meal to 0.9 H in canola meal.
Test 3. In situ protein breakdown
Proteins from the group of oil seed meals had the greatest extent of breakdown, being 93, 91 and 89% in soy, sunflower and canola meals, respectively. The proteins from grass species, oat and ryegrass, were less degraded in 48 hours (74.3 and 75.4%) compared to high crude protein substrates like oil seed meals. The same trend was observed in the previous in vitro tests with ruminal or fungal enzymes. However, similar to the method with rumen enzymes, the rates of enzymatic hydrolysis in forage species showed the highest k d . The rate was the highest in perennial ryegrass (11% H -1 ) and the lowest in alfalfa meal (9.5% H -1 ). Lag times varied from 2.7 H in soy bean meal to 1.6 H in sunflower meal (Table 5) .
Test 4. Chemical fractionation of the proteins
The calculated size of nitrogen pools A, b 1 , B 2 , B 3 and C are presented in Table 6 . Pool b 2 ranged from 58.5% CP in perennial ryegrass to 76% CP in gluten feed. In general, these magnitudes were higher in the feed substrates rich in proteins than in forage samples. It is noteworthy, that the nitrogen B 2 fraction feed was the largest single pool in all substrates evaluated. Regarding the size of pool B 3, which corresponds to plant cell wall bound nitrogen, the herbage samples had much . Corrected for particle loss according to the methodology proposed by Weisbjerg et al. (1996) ; Fraction b corrected = b + P (b(1 -(P + ns)) -1 ); b, fraction enzymatically degraded; P, particle loss; ns, soluble n. 2 k d : hydrolysis rate; SD kd : standard deviation ; D max : protein breakdown at 48 H; SD Dmax : standard deviation. higher proportion of n in that fraction than oil seed and gluten feed meals; average proportions were 4.3% and 11.3% respectively. A similar observation was found for size of pool C, which was 5.1% and 15.6% for the same two groups of substrates. A general trend was observed to find higher size of pools B 3 and C in samples with lower total crude protein content and higher plant cell wall content.
Comparison among methodologies
The methodology based on the ruminal enzymatic extracts (REE) was compared to the techniques proteases from Streptomyces griseus, in sacco incubation and chemical protein fractionation (CFP), whose results are shown in Table  7 and supported graphically by Figure 1 . It is noteworthy that all the mathematical functions to fit the kinetic curves are statistically significant (P ≤ 0.05). .0 % H -1 across different methods, but within substrates, a significant but much smaller variation was observed. Within oil seed meals and maize gluten feed, the difference among methods was less than 1.5% absolute value, and among herbage samples such difference was under 3.5% (Table 7) . The greatest average rates were obtained with the in situ method (8.6% H 
Discussion
The fundamentals of the new method being reported for proteolysis studies is the use of enzymatic extracts obtained from rumen mi-crobes in a way that ensures the maintenance of diverse hydrolytic activities, comparable to the mixed rumen microbial populations. The provision of diverse polysaccharidases along with proteases would enhance hydrolytic synergisms in the degradative reactions of the feed substrates, which allow increasing the release of more refractory proteins, trapped in complex interactions with structural carbohydrates in cell walls, and release low accessibility proteins, attached to starch-like complexes or trapped in hard penetration-intracellular compartments (Chamberlain and Choung, 1995; Kornegay, 1996; Hristov et al., 2008) . The observations obtained from our study on kinetics of protein breakdown with ruminal enzymes are comparable to the results published by Kohn and Allen (1995) , who also used the technique based on ruminal enzymes. The results observed in this research exhibit a slight superiority in relation to the results reported by these authors. For example, they obtained 47.3% of protein breakdown in soy bean meal after 16 hours of incubation; in this work we obtained 53.8% degraded at 12 hours. In alfalfa meal we achieved 39.2% protein degradation at 12 hours and 54.2% at 18 hours; which were higher values than the result obtained by Kohn and Allen (1995) , who measured 42% degraded CP in alfalfa hay at 16 hours of incubation. Mahadevan et al. (1987) , who also studied the proteins degradability using ruminal enzymatic extracts, found 25% of protein breakdown in soy bean meal in 5 hours of incubation, a value that is substantially lower than the 34.4% protein breakdown we observed for the same feed at 3 hours of incubation. The same author measured 16.8% breakdown in soy bean meal with proteases of Streptomyces griseus after 6 hours of incubation, compared with 41% breakdown that we measured in the same substrate after 6 hours of incubation. Mathis et al. (2001) , who also worked with proteases of Streptomyces griseus, obtained 76% of protein breakdown in alfalfa meal at 48 hours of incubation, similar to the 77.6% observed in this study. The rates of proteolysis (k d ) measured in this study with ruminal extracted enzymes were in ranges comparable to the results published by Sniffen et al. (1992) and nRC (2001) . For example, in soy bean meal we measured 6.6% H -1 with enzymatic extracts; One aspect that has been stressed in this new methodology is the study of early protein breakdown as key information for efficient synchrony of nitrogen and energy sources in rumen, a subject that has been pointed out by several authors (Peltekova and broderick, 1996; broderick et al., 2004) . but such measurement is heavily influenced by the duration of initial lag time observed according with laboratory methods. In the enzymatic strategy (REE) presented here, there was essentially no lag time before the onset of the proteolysis at its specific rate constant; when using proteases of S. griseus, lag varied from 0.05 to 0.77 hours and the method in situ from 1.7 to 2.7 hours. Those values have a major influence when calculating the quantity of pro- tein released in the first 6 hours after beginning feed intake. There has been a long term discussion about the actual occurrence of lag time under in vivo rumen conditions. Some factors will undoubtedly lead to lag, like wetting time for dry feedstuffs, the need for growth of microbial mass after fasting or under feed depleted rumen status, or the need for adaptation of microflora to very different fermentable substrates. However, if access to feed is rather continuous and there is no major difference in feed composition, little argument would sustain the latter explanations. Van Soest (1991) has suggested that lag time may be an artefact much influenced by the laboratory techniques used, but that there would be no strong evidence of occurrence under in vivo rumen conditions. The dacron bags used in the in situ method have been subjected to several criticisms due to difficulty or easiness of the feed sample and microbes to enter and leave the bags across the membrane (Mathis et al., 2001; Cone et al., 2004) This may well be one reason for creating lag times during the experiments. The lack of lag time during incubation with REE should be related with a good enzymatic activity, a non limiting enzyme-substrate affinity, a high enzyme/substrate ratio, as well as being helped by the small particle size resulting from sample grinding prior to incubation.
Beyond the six hours early incubation time, the calculated rates of proteolysis with REE were not as high as under the in situ rumen method, thus bringing a question about effectiveness of the former for longer time studies. The extents of final hydrolysis were lower but still quite high, on average 75.5% compared with 84.8% in REE and in situ respectively (Table 7) . There has been a general acceptance of in situ values as being correct for representing in vivo situation, and if that is true, the REE method would have to be reviewed in its potential for longer time incubation studies. However, it must be considered that most of the protein metabolism in rumen occurs much before 48 hours, thus bringing weaknesses regarding the importance of 48 hours events.
The fact that the rumen of the donor cow is fed four times a day, thus keeping a constant renewal of enzymatic power from succeeding microbial populations is in favour of the high extent of proteolysis found in situ, as compared to batch systems with no removal nor addition of any enzyme or nutrient after the onset of the incubation.
The rates of proteolysis with rumen extracted enzymes (REE) were slightly higher than with S. griseus in several substrates (P<0.05), which may be favoured by the presence of a diversity of carbohydrolytic and proteolytic enzymes in the ruminal extracts, in comparison to the S. griseus protease whose enzymatic pool is broad and based predominantly on exo and endo-proteases of fungal origin, which presents an ecological niche rather different from the complex niche in the ruminal ecosystem. There was good agreement in the maximum extent of proteolysis D max (48 H), between methods REE and S. griseus, probably because such long time is enough for most enzymatic methods to complete hydrolysis of non refractory nitrogen compounds.
The chemical method indicates very low figures of unavailable nitrogen compared to any of the other enzymatic or in vivo methods. This is because it is estimated as acid detergent insoluble nitrogen, which yields an extremely refractory fraction linked to lignocellulose and other complex compounds which are resistant to strong chemical agents. As expected, it was found that feed substrates with higher B 3 and C pool sizes, had the lowest potential protein degradability, which was observed across the different biological methods tested.
Consequently, the use of enzymatic preparations of ruminal origin was successful to describe the initial process of hydrolysis of the proteins. Although the extents of final breakdown were lower than the method in situ, this methodology has the potential to be applied in studies that focus on dynamics of early proteolysis of ruminant feeds.
The use of ruminal enzymatic extracts (REE) that have been freeze dried offer a simple technique that may bring great operational advantages to laboratories that determine rates and extents of protein availability of animal feeds.
Conclusions
The extraction and further pooling of enzyme extracts obtained from microbes grown separately in media enriched with either protein, starch or cellulose, allowed to make enzymatic preparations with ample diversity of proteases and carbohydrases. These were effectively used as enzyme sources in the in vitro assessment of rumen protein breakdown kinetics. The new technique was successful in monitoring the early stages of rumen proteolysis which is the most critical phase when looking for synchrony of nitrogen and energy sources in rumen. Lag times were not observed when using rumen extracted enzymes, thus removing a factor that may confound methodological sources with errors of the actual substrate refractoriness. Rates and extent of proteolysis compared generally well with fungal proteases from Streptomyces griseus, but the maximum extent and the overall rate of proteolysis were lower than with the in situ method.
Further research should address the study of persistency of the proteolytic activity of enzyme extracts to be used in in vitro kinetic studies.
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